Na + \H + exchange has been implicated in models of ion transport across the branchial epithelium of marine and freshwater fishes. In this preliminary study, we present immunohistochemical data using a polyclonal antibody raised against NHE3 which show NHE3-like immunoreactivity (IR) in the gills from a freshwater and a marine teleost species. In both species, branchial epithelial cells demonstrating NHE3-like IR were localised predominantly to the junction between the filament and the secondary lamellae. However, there was a marked difference in the morphology of the NHE3-like immunoreactive epithelial cells between the species. This morphological difference between the species suggests functional differences in the exchanger, which may be related to marine versus freshwater environments.
; the maintenance of cellular volume in response to an osmotic load (Grinstein et al. 1983 ) ; transepithelial Na + absorption (Knickelbein et al. 1983) ; and, finally, as a target for growth factors (Pouysse! gur, 1985 ; Tse et al. 1991) .
The NHE3 isoform has been cloned from the mammalian kidney (Tse et al. 1991 ; Biemesderfer et al. 1993) ; additionally, NHE3-immunoreactivity has been demonstrated in the brush border of renal proximal tubule cells and the apical membrane of the thick ascending loop of Henle (Amemiya et al. 1995) . Because of its location in the renal tubule, NHE3 is hypothesised to function in both Na + uptake and in the maintenance of acid\base homeostasis (Amemiya et al. 1995 ; Hoogerwerf et al. 1996) . The branchial epithelium of the fish gill is not only maximised for gas exchange, but is also comparable to the mammalian kidney in that it is the primary site for monovalent ion exchange and plays a central role in osmoregulation and acid\base balance (Pa$ rt & Wood, 1996 ; Claiborne, 1997) . The functional similarity between the fish gill and the mammalian kidney has led us to investigate the presence of a possible NHE3 in the branchial epithelium in 2 teleost fishes, the marine blue-throated wrasse and the freshwater rainbow trout. These objectives were accomplished by immunohistochemical analysis using a polyclonal antibody raised against a fusion protein of the C-terminal region of rabbit NHE3 (Hoogerwerf et al. 1996) .
  

Animals
Three animals of each species were used for these experiments. Freshwater rainbow trout were purchased from the Ballarat Trout Acclimation Society (Ballarat, Australia) and the blue-throated wrasse were trapped in Port Phillip Bay, Victoria, and held in circulating marine water holding tanks at the Marine Science Laboratory, Queenscliff, Victoria.
Tissue preparation
Animals were anaesthetised in ethyl-m-amino benzoate (MS222) (1 : 1000). Gill arches were quickly removed and placed into 4 % formaldehyde in 0.1  phosphate buffered saline (PBS) overnight at 4 mC, then washed in 0.1  PBS. Tissue was processed on an overnight histokinette cycle for paraffin embedding. Paraffin embedded tissue was sectioned at 10 µm using a Reichert-Jung microtome and mounted onto 0.1 %-gelatinised microscope slides.
Immunohistochemistry
The sections were dewaxed in xylene and rehydrated in 100 %, 95 %, and 70 % ethanol respectively and rinsed in 0.1  PBS. Endogenous peroxidase was blocked by incubating for 10 min in 0.3 % H # O # in methanol. The slides were incubated in 10 % normal goat serum in antibody diluent (PBS containing 0.3 % Triton X-100) to reduce nonspecific immunoreactivity. Sections were incubated overnight at room temperature (RT, (22) (23) (24) (25) , in rabbit anti-NHE3 antibody (Hoogerwerf et al. 1996) , at 1 : 100. The secondary antibody, biotinylated antirabbit (Sigma, St Louis, USA), was applied at 1 : 50 and incubated for 2 h at RT. Following washing in 0.1  PBS, streptavidin conjugated-HRP (Sigma) was applied to sections at 1 : 50 and again incubated for 2 h at RT. The antibody-antigen complex was visualised by using 3,3h-diaminobenzidine (DAB).
Controls were performed using secondary antibody only, biotinylated antirabbit and preimmune serum from the same rabbits in which the antibody was raised to identify whether immunoreactivity was due to antibody binding to nonspecific epitopes.
Sections were also incubated in anti-NHE3 antibody (1 : 100) containing 2 µg\ml NHE3 fusion protein, for preabsorption studies. Sections were observed and photographed using a Zeiss Axioskop microscope and Kodak T-Max 100 ISO film.
In addition to the above method, antibody screening was also carried out using the previously mentioned protocol and antibodies created against mammalian NHE1 and NHE2. However, these experiments did not result in any evidence of significant immunoreactivity and will not be discussed further.
Immunoblotting
Membrane enrichments were prepared from dissected gill filaments of both species which were homogenised in ice cold buffer (250 m sucrose, 1 m EDTA, 2 µg\ml leupeptin, 2 µg\ml pepstatin, 100 µg\ml PMSF, and 30 m Tris-Cl at pH 7.4). Cell debris was removed in a low speed spin (1200 g for 15 min) and membranes pelleted in a final high speed spin (20 700 g for 25 min). The resulting pellets were then resuspended in a minimal volume of homogenising buffer and modified Laemmli sample buffer (Laemmli, 1970) . Following the determination of the protein concentration (Pierce, Rockford, IL), 30 µg of total protein containing 2 % β-mercaptoethanol and 0.01 % bromophenol blue was separated in a 7.5 % polyacrylamide mini-gel (1.5 h at 200 v) then transferred to a nitrocellulose membrane (Micron Separations, Westborough, MA) according to the manufacturer's protocol. The membrane was then blocked in 5 % Blotto (5 % non-fat dry milk powder in 0.1  Tris buffered saline with 0.1 % Tween-20 (TBST), pH 7.4) for 2 h at RT, and then incubated for a further 2 h in primary antibody (anti-NHE3, 1 : 500 diluted in 0.1  TBST) with gentle rocking. After washing in TBST, bound IgG was detected by incubation with alkaline phosphatase-conjugated antirabbit IgG diluted 1 : 2000 in TBST and then developed with nitroblue tetrozolium and 5-bromo-4-chloro-3-indolyl-phosphate (Promega, Madison, WI).

Immunohistochemistry
Rainbow trout
NHE3-like immunoreactivity (IR) was clearly evident in the gill epithelium of the rainbow trout. NHE3-like IR appeared to be confined to a discrete number of epithelial cells located at the junction between the filament and the secondary lamellae and to a very small number of epithelial cells scattered along the secondary lamellae (Fig. 1 A) . Epithelial cells demonstrating NHE3-like IR displayed a granular homogenous staining pattern throughout the entire cell body (Fig. 1 B) .
Blue-throated wrasse
NHE3-like IR was observed in a discrete population of epithelial cells at the junction of the filament and lamellae and also in a small population of epithelial cells along the lamellae (Fig. 2 A) . The staining pattern of the NHE3-like IR epithelial cells in the bluethroated wrasse differed from that found in the trout. Unlike the trout, NHE3-like IR was seen only in cells that were cuboidal in shape located at the apical surface of the gill epithelium. The granular NHE3-like IR was also confined to the outer edges of the cytoplasm of these cells. The nucleus was devoid of any NHE3-like IR (Fig. 2 A, B) .
Controls
No specific staining was observed in either of the controls using fusion protein preabsorbed antibody, preimmune serum, or in sections treated with rabbit IgG alone, indicating that the DAB labelling was generated by the primary antibody cross-reacting with putative NHE3 sites in the gill epithelium.
Immunoblotting
Blue-throated wrasse and rainbow trout gill membranes were separated by SDS-PAGE, western blotted and then probed with anti-NHE3. In both species a band centred at approximately 95 kDa was detected. A positive control of rat kidney protein revealed a band of the expected size (85 kDa).

This study demonstrates the presence of NHE3-like IR in gill epithelial cells of freshwater and marine teleosts using a polyclonal antibody raised against a fusion protein of the C-terminal 85 amino acids of the rabbit NHE3 (Hoogerwerf et al. 1996) . Cells demonstrating NHE3-like IR were localised predominantly in the junction between the filament and secondary lamellae with a scant number of single NHE3 like-IR cells located along the secondary lamellae in both species. Although the location of NHE3 like-IR cells was similar between the species, there was a marked difference in the morphology of the epithelial cells and in the pattern of immunoreactivity within the cell (Figs 1 A, B, 2 A, B) .
In the freshwater rainbow trout, NHE3 like-IR was confined to epithelial cells located along the basolateral aspect of the lamellar epithelium. The pattern of NHE3-like IR within these cells was dense and homogeneous throughout the entire cell ( Fig. 1 A, B) . In contrast, NHE3 like-IR in the marine blue-throated wrasse appeared to be confined to much larger cells, which were cuboidal in shape and located along the apical surface of the epithelia (Fig. 2 A, B) . NHE3-like IR within these cells was granular in appearance and was confined to the cytoplasm. It was noted that the location and shape of the NHE3 like-IR cells in the blue-throated wrasse was similar to that previously reported for chloride cells in other teleost species (Perry, 1997) .
Immunoblotting carried out on the 2 species revealed NHE3-immunoreactive signals at approximately 95 kDa. The immunoblotting results in conjunction with the immunohistochemical data suggest that a protein with antigenic sites similar to a mammalian NHE3 is present in the gills of both the blue-throated wrasse and rainbow trout.
To date, most investigations into the transport of sodium and proton ions across the branchial epithelium have been limited to flux studies on either whole animal or head perfusions. These studies have demonstrated that net NaCl influx across the gill is accompanied by net acid-base efflux (see Wood, 1991 for review). Recently, Claiborne et al. (1999) , demonstrated the existence of 3 NHE isoforms (NHE 1, 2 and β) within the gills of 2 marine teleost species using RT-PCR, northern blot and western blot analysis. However, the exact location and function of the NHEs are still unknown. Interestingly an NHE isoform which demonstrated a slight affinity for the mammalian NHE3 isoform has also been identified in the gill epithelia of Carcinus maenas (green shore crab) (Towle et al. 1997) .
This preliminary investigation of a putative gill NHE3 protein has shown NHE3-like IR in the branchial epithelium of a marine and a freshwater teleost. The difference in the morphology and the pattern of immunoreactivity of the NHE3 like-IR cells within the intralamellar region suggests different functions for the transporter in seawater and freshwater environments. Whether the putative NHE3 demonstrated in this study is involved in acid\base regulation, osmoregulation or another function remains to be elucidated.
